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The Relation of Thallium to the Alkali Metals : a Study of 
Thallium -Zinc Sulphate arid Selenate. 

By A. E. H. TuTTON, M.A., D.Sc, F.E.S. 

(Eeceived November 10, — Eead November 25, 1909.) 

In a communication made to the Koyal Society in May, 1907,* the results 
of the study of the normal sulphate and selenate of thallium were presented, 
and certain interesting conclusions concerning the position of the thallium. 

salts in the rhombic series E2q| O4 discussed. It became particularly impor- 
tant that a similar study should be made of the monoclinic double salts of 

S 
the series E2M(q, 04)2.61120 containing thallium as the E-metal, not only 

for the sake of confirming or otherwise the conclusions arrived at from the 
study of the simple salts, but also because it is desirable that the investi- 
gation of the monoclinic series of double salts should be completed as far as 
possible by the inclusion of the thallium salts of the series. For this 
reason, a beginning has been made with the two salts containing zinc as 
the M-metal, preliminary attempts at preparing a number of thallium salts 
of the series having shown that while all these salts, in general, were very 
difficult to prepare in good and transparent crystals, the two thallium-zinc 
salts were least difficult to obtain. The greatest difficulty of all is to 
procure them free from opacity, and while eventually excellent crystals of 
thallium-zinc sulphate were obtained of adequate transparency to permit 
of a complete optical investigation, thallium-zinc selenate has invariably 
proved white and opaque, and resisted all efforts at optical examination. 
Both salts, however, have been thoroughly investigated goniometricalJy, and 
thallium-zinc sulphate not only optically but also as regards its volume. 
The magnesium salts, which it was hoped to have included in this memoir, 
have not yet been obtained in crystals sufficiently satisfactory to yield 
results at all comparable with the author's previous work. 

The crystals of the sulphate and selenate of thallium and zinc were both 
measured by Wertherf as regards a few of the principal angles, and later 
the crystals of the double sulphate were measured by Des Cloizeaux,| who 
also examined some of the optical characters of the salt. The density of 

* ' Eoy. Soc. Proc.,' 1907, vol. 69, p. 351. 

t * Journ. fur prakt. Chem.,' 1864, vol. 92, p. 135. 

I Lamy and Des Cloizeaux, ^ Ann. Chim. Phys.,^ 1869 [4], vol. 17, p. 315. 
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this salt and also its refractive indices were subsequently determined by 
Perrot.* 

Thallium-Zinc Sulphate, Tl2Zn(S04)2.6H20. 

The crystals of this salt exhibit habits closely resembling those of the 
rubidium salts of the series. Two typical crystals are represented in 
figs. 1 and 2. 





Fia 1. 



Fig-. 2, 



Crystal-System.-— MoiiocliniQ. 

Crystal' Class, — Monoclinic-Prismatic (Holohedral), Class 5. 

Batio of Axes.— a : h : e = 0*7413 : 1 : O'SOIO. Des Cloizeaux gives 
0*7388:1:0-5010. 

Axial Angle.— 13 = 106° 16'. Des Cloizeaux found 106'^ 10'. 

JTaUt — Thick tabular parallel c = {001} otb = {010}, to short prismatic 

Forms observed.— a =z {100}, h == {010}, c = {001}, :29={110},p' = {120}, 
^ = {Oil}, = {HI}, o' = {111}, r' == {201}. 

The most prominently developed forms are c, &, jp, q, and r\ although on 
some crystals, as in fig. 2^ a, o, and o' are also well developed. The faces of 
p' were only once observed. Des Cloizeaux and Werther observed all these 
forms but ^\ with very variable development. 

Interfacial Angles. — Goniometrical measurements with ten of the best 
transparent crystals from four different crops yielded the results which are 
summarised in the accompanying table of angles. 

Cleavage. — The usual cleavage of the series, parallel to r' = {501} is 
erfectly developed. 

density.— Th.Q specific gravity of the crystals being higher than that of 
methylene iodide, the immersion method of Eetgers is inapplicable, and the 
author's improved pyknometer method with cap was employed. The highest 
result obtained (the highest result by this method having been found by the 
author to be invariably the same as the mean result of several determinations 
with the heaviest crystal by the immersion method), with 4*2895 grammes 
of the salt, was 3*7204 

* ' Arch. Phys. et Nat. Geneve,' 1891, vol 25, p. 26. 
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Morphological Angles of Thallium-Zinc Sulphate. 



Angle. 


No. of 
measure- 
ments. 


Limits. 


Mean 
observed. 


Calcu- 
lated. 


Dife. 


Other 
observers. 






/ / 


/ 


/ 


/ 


/ 




[ac = (100) : (001) 
as = (100) : (101) 


12 


73 41— 73 48 


73 44 


73 44 
45 10 





r73 50 Des C. 
1 73 39 Wa 


. 


sc = (101) : (001) 
cr' = (001) : (201) 


20 


64 19— 64 31 


64 26 


28 34 
64 19 


7 


r64 28 Des 0. 
1 64 19 W. 




cs' = (001) : (101) 








38 35 






// = (101) : (201) 








25 44 








ya = (201) : (100) 


12 


41 44— 41 57 


41 49 


41 57 


8 




fap = (100) : (110) 


24 


35 20— 35 31 


35 26 


35 26 







pp' = (110) : (120) 


1 




19 35 


19 28 


7 




^ 2)'h = (120) : (010) 


1 




34 59 


35 6 


7 




ph = (110) : (010) 


24 


54 27— 54 47 


54 34 


# 




J 70 43 Des 0. 

170 48 W. 


{^pp = (110) : (110) 


21 


70 44 70 58 


70 52 


70 52 





r cq = (001) : (Oil) 
\qh = (Oil) : (010) 


32 


25 30— 25 51 


25 41 


# 




J 25 37 Des 0. 
125 15 W. 


21 


64 13 64 32 


64 20 


64 19 


1 




rao = (100) : (111) 


17 


48 13— 48 31 


48 20 


48 22 


2 






oq = (111) : (Oil) 


19 


26 50 27 9 


27 2 


27 


2 




< 


aq = (100) : (Oil) 


18 


75 12 75 31 


75 22 


75 22 









qo' = (Oil) : (111) 


27 


43 46— 34 59 


34 53 


34 51 


" 2 


^5 10 Des 0. 




ya = (111) : (100) 


17 


69 40—69 48 


69 45 


69 47 


2 






fco = (001) : (111) 


23 


34 34 22 


34 10 


34 9 


i 


34 12 Des 0. 




op = (111) : (110) 


22 


42 30— 42 49 


42 39 


42 39 





J 76 39 Des 0. 
176 44 W. 


< 


cp = (001) : (110) 


44 


76 40 76 56 


76 48 


# 






po' = (110) : (111) 


40 


58 11 58 26 


58 17 


58 19 


2 




yc = (111) : (001) 


40 


44 44— 45 5 


44 54 


44 53 


1 


44 49 Des C. 




- ho = (010) : (111) 


10 


70 24— 70 31 


70 28 


70 27 


1 




■* 


OS = (111) : (101) 


■__ 






19 33 








00 = (111) : (111) 


■. 4 


39 4— 39 8 


' 39 5 


39 6 


1 




\ho' = (010) : (Til) 


21 


65 4— 65 12 


65 8 


65 8 







\ o's' - (111) : (101) 




' 




24 52 






LoV=(Ill):(lIl) 


15 


49 39 49 49 


49 44 


49 44 





49 50 W. 


fsq = (101) : (Oil) 








37 40 






\qp =(011): (110) 


40 


87 15— 87 37 


87 25 


87 24 


1 




\ps = (110) : (101) 








54 56 






{_pq = (110) : (Oil) 


40 


92 24— 92 45 


92 35 


92 36 


1 




Cs'q = (lOl) : (Oil) 








45 13 






\qp = (Oil) : (110) 


42 


62 41— 62 69 


62 49 


62 48 


1 




] ps' = (110) : (101) 








71 59 






Ipq = (110) : (Oil) 


40 


117 0—117 18 


117 11 


117 12 


1 




frV= (SOI) : (111) 


37 


35 1— 35 16 


35 11 


35 11 





35 6 Des 0. 


i o'p == (111) : (110) 


37 


92 6— 92 21 


92 12 


92 7 


5 




\_Pt' ^ (110) : (201) 
Total number of 


42 


52 28— 52 47 


52 37 


52 42 


5 


52 39 Des 0. 




measurements... 


763 








1 
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The highest result obtained by Perrot was 3*66, but he states that the 

true density is not less than 3*7 ; for his crystals were not perfectly 

transparent. Those employed by the author were remarkably transparent 

for this salt. 

M_ 768-06 
d " 



1 



Molecidar Vohtme,- 



= 206-45. 



3-7204 

Molecidar Distance Batios. — x '-'^'-(o ^ 6-1787 : 8*3351 : 4*1759. 

These ratios were calculated with the aid of the same formulae as have been 
used throughout the series for the ordinary monoclinic space-lattice. 

Orientation of Axes of Optical Ellipsoid. — The plane of the optic axes is the 
symmetry plane, & = {010}„ The sign of the double refraction is negative, 
which is exceptional in this series. Extinction determinations in sodium 
light with a pair of section-plates parallel to the symmetry plane indicated 
that the first median line lies in the obtuse axial angle /3, and is inclined 
29° 45' to the axis a, and 76° 31' to the axis c. The second median line is. 
therefore inclined 13° 29' to the axis c, lying behind that axis, an unusual 
position for the series. 

Lamy and Des Cloizeaux give for the inclination of the first median line to 
the axis a 30° 25', and for its inclination to the c-axis 75° 45', these values, 
being for red light, the values for blue being 5' less. 

Refractive Indices, — These are exceptionally high, compared with other 
salts of the series, and the dispersion is also larger. The double refraction 
being negative, the intermediate index ^ is nearer to the 7- than to the 
a-index, also an exceptional occurrence for the series. The first median line 
is the direction of the a-vibrations, the second median line that of the- 
7- vibrations, while the symmetry axis & corresponds as usual for the series, 
to the /3-vibrations. The results of the determinations, together with those of 
Perrot, are given below. 



Eefractive Indices of Thallium-Zinc Sulphate. 





a, vibs. par. 1 M.L. 


j6, vibs. par. sym. axis. 


7, vibs. par. 2 M.L. 


Tutton. 


Perrot. 


Tutton. 


Perrot. 


Tutton. 


Perrot. 


T/i-lipfht 


1 -5880 
1 -5887 
1 -5931 
1 -5978 
1 -6033 
1 -6121 


1 -5895 
1 -5934 

1 -6037 
1 -6125 


1 -6038 
1 -6046 
1 -6093 
1 -6143 
1 -6203 
1 -6295 


1 -6046 
1 -6094 

1 -6204 


1 -6111 
1 -6119 
1 -6168 
1 -6219 
1 -6281 
1 -6377 


1 -6121 
1 -6171 

1 -6291 


„ 


]>g'a , 


Tl „ 


p 


a ,' 


' ^ 



Mean of a, j8, and y for Na-ligbt, 1 -60840 
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Considering the difficulties involved in work with this salt, the agreement 
between the values of Perrot, obtained by the method of total reflection, and 
those of the author determined with the aid of accurately orientated prisms, 
each affording two indices directly, is very satisfactory, especially in the case 
of the intermediate index /S. 

The intermediate refractive index /8, corrected to a vacuum (correction 
= +0*0004), is represented by the following general formula, for any wave- 
length from the red end of the spectrum to the greenish blue, and 
approximately beyond that towards the violet : 

Q ^ 1.-Q97 . 977 466 2 596 534 000 000 , 

The a-indices are approximately represented by the formula if the constant 
1*5837 is diminished by 0*0162, and the 7-indices if it is increased by 0*0075. 
Axes of Opticallndicatrix. — a : yS : 7 = 0*9899 : 1 : 1*0047. 
Molecular Optical Constants, — -These are given in the following table :>— 

Axis of optical indicatrix.. a. ^. y. 

e, .. . ^. n^-1 ^ re 0*0905 0*0925 0*0934 

Specific retraction, -—- — — — = n < 

^ {n' + 2)d LG 0*0934 0*0956 0*0966 

.. 1 . X. ,. n'-l M ^^ . rc 69*54 71*07 71*75 

Molecular retraction, -7^ — ~ . — = tU < 

n'^-2 d Lg 71*77 73*40 74*17 

Specific dispersion, Ha - He 0*0029 0*0031 0*0032 

Molecular dispersion, ma — tttc 2*23 2*33 2*42 

Molecular refraction, ^--bl c|121-53 124-82 126-33 

d L Mean of a, /3, and 7, 124-23 

Ojptic Axial Angle.— Two excellent section-plates perpendicular to the first 
median line were eventually obtained, through which the apparent acute 
angles 2E in air and 2Ha in monobromonaphthalene were readily measured. 
Other plates perpendicular to the second median line proved unsatisfactory 
for the determination of the apparent obtuse angle in monobromonaphthalene, 
so the true angle was determined by measurements in oil of cinnamon, 
whose refractive index is almost identical with the mean index of the 
crystals. The concordance with the two plates was excellent. The mean 
values for 2E and 2Va are recorded in the next table :— 

2E. 2\^a. 

Li-light 127^ 0' 69^ 8^ 

„ 127 18 69 12 

JSTa „ 130 29 69 24 

Tl ,,, 133 20 69 37 

F „ ,. 137 69 55 
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Lamy and Des Cloizeaux found 130° 10^ for 2E in red light and IS?*^ 45^ 
in blue light. For 2Va they found 76° 26' for red, and 78° 16' for blue. 

Dispersion of the Median Lines. — -The observations in oil of cinnamon 
indicated that the first median line is dispersed about a quarter of a degree, 
lying to this extent nearer to the axis a for greenish blue F-light than for red 
Li-light. Lamy and Des Cloizeaux observed a similar dispersion of 5' 
between red and blue, Perrot was unable to obtain crystals sufficiently 
transparent for optic axial angle measurements. 

Thalliitm-Zinc Selenate, Tl2Zn (Se04)2.6H20. 

This thallium double salt was difficult to obtain in measurable crystals, 
thus differing from the corresponding sulphate. The crystals were invariably 
white and opaque in parts, even in the best crops. Eventually, however, 
about a dozen small individuals more transparent than usual and better 
formed were obtained ; but such measurements derived from them as were 
strictly trustworthy are alone included in the accompanying table of angles. 
Two typical crystals are shown in figs. 3 and 4. 





> 



:?^??' 




Fig. 3. 



Fia, 4. 



Crystal' System, — Monoclinic. 

Crystal-Glass. — Monoclinic-Prismatic (Holohedral), Glass 5. 

Ratio of Axes.— a : & : c = 0*7479 : 1 : 0*5022. Werther gives 

0*7442 : 1 : 0*5036. 
Axial Angle. — /9 = 105° 54'. Werther's value, 105° 51'. 
Kabit. — Thick tabular, parallel e = {001}. 
Forms observed. — 

a = {100}, h = {010}, c = {001},j^ = {110},^ = {Oil}, 

= {lll},o' = {Tll},^^^==: {121},/= {201}, 

The most prominent forms are c, p^ ^, arranged in the order of their usual 
development. The rest are small, and n' is only present on the crystals of 
certain crops. Werther also observed the forms c, p, q prominent, and h and 
o' subsidiary. 

Interfaeial Angles.— The results are given in the table. The number of 
.accepted measurements was small, for the reason above stated. For it is 
infinitely better to include only a very few unimpeachable values than to 
take the mean of a large number ef less certain ones. 
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Morphological Angles of Thallium-Zinc Selenate. 



Angle. 



Ho. of 
measure- 
ments. 



Limits. 



Mean 
observed. 



Calcu- 
lated. 



Diff. 



Values of 
Werther, 



ac — 
as — 
so = 
-j er' = 
cs' = 
s^r' = 



fap 

\pb 
IPP 

fao 

i ^1 
I ¥ 



fco = 

I op == 

J (^P = 



(100) 
(100) 
(101) 
(001) 
(001) 
(101) 
(201) 



(001) 
(101) 
(001) 
(201) 
(101) 
(201) 
(100) 



(100) ; (110) 
(110) : (120) 
(120) : (010) 
(110) : (010) 
(110) 5 (lIO) 



(001) 
(Oil) 



(Oil) 
(010) 



(100) : (111) 
(111) : (Oil) 
(100) t (Oil) 
(Oil) : (111) 
(111) : (100) 



(001) 
(111) 
(001) 
(110) 

(111) 

(110) 



(111) 

(110) 
(110) 

(111) 

(001) 
(001) 



{ 

r 

i 



ho - (010) : (111) 
OS = (111) : (101) 

hn' - (010) : (121) 
%V= (121) I (111) 
ho' = (010) : (111) 
(111) : (101) 



ioV 



r 



\ 



sq = 

qn' — 
n'f ~ 

^P = 
ps - 



(101) 
(Oil) 
(121) 
(Oil) 
(110) 
(110) 



(Oil) 
(121) 
(110) 
(110) 
(101) 
(Oil) 



I ps' 



(101) : (Oil) 
(Oil) : (110) 
(110) : (101) 
(110) : (Oil) 



r^o' 



(201) : (111) 
4 dp - (111) : (110) 
pr' = (110) : (201) 



Total number of 
measurements . . . 



6 

4 

4 



4 
2 

1 
1 
1 



1 
1 

8 

3 

5 

20 



4 
3 

4 



8 

2 
1 
8 



94 



o / o / 



63 37— 64 1 



41 46— 42 11 



35 40— 35 50 



71 24— 71 46 



25 44- 
64 12- 



25 49 
64 17 



77 3— 76 15 

67 57— 58 19 

44 10— 44 54 

102 26— 103 13 



35 18— 35 54 
51 20— 51 22 
86 41— 87 15 

92 42— 93 21 



62 54— 63 5 
116 55—117 3 



52 56— 53 5 



o / 



73 56— 74 22 74 8 



63 50 



42 2 



35 45 



71 32 

25 47 
64 14 

48 42 

26 59 
75 41 



34 8 

42 56 
77 9 
58 7 
44 36 
102 61 



35 36 
51 21 
86 59 

93 



63 1 

116 59 

34 57 
92 6 
53 1 



o / 


74 6 


45 30 


28 36 


63 54 


88 20 


25 34 


42 


# 


19 28 


34 47 


54 15 


71 30 



# 
64 13 

48 43 
27 
75 43 
34 32 

69 45 

34 15 

42. 54 

58 12 

44 39 

102 51 

70 17 
19 43 



47 8 




17 58 




65 6 




24 54 




37 46 




35 33 


3 


51 21 





86 64 


5 


55 20 




93 6 


6 



45 


4 


62 


58 


71 58 


117 


2 


85 


6 


92 





52 


54 



2 

4 
2 



2 



1 
1 

2 



7 
2 

5 
3 




3 

3 

9 
6 

7 



o / 

74 9 



71 12 
25 61 



77 10 
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Cleavage. — The salt exhibits the usual cleavage for the series, parallel to 
r' = {201}. 

Density determinations were attempted, but the opacity influenced the 
results so much that no reliance could be placed upon them. Similarly, no 
optical work was found possible, as every section and prism cut proved to be 
absolutely opaque to light. 

Discussion of Eesults. 

The investigation of these two thallium salts completes our knowledge 

of a typical group, that in which M is zinc, of the monoclinic series 

S . . . 

K2M(^ 04)2.61120, in which E is potassium, rubidium, caesium, ammonium, or 

thallium. The relations of the salts of the first four K-bases of the group 
have already been described in detail,* so that it only remains here to make 
clear the position of the thallium salts of the group. 

Morphological Angles. — These are comprehensively compared for the whole 
group in the accompanying table of angular magnitudes. The systematic 
crystal element, the monoclinic axial angle /3, is also compared in the next 
table. 

Values of Axial Angle /3. 



J? 



j> 



For KZn sulphate 104° 48' 

EbZn „ 105 53 

CsZn „ 107 1 

AmZn , 106 52 



J? 



?5 



TlZn 



;? 



?J 



106 16 



For KZn selenate 104° 12' 

EbZn „ ...... 105 16 

CsZn „ ...... 106 11 



?j 



J? 



?? 



?j 



AmZn 
TlZn 



)y 



i> 



?? 



106 14 
105 54 



A further very instructive table is the following one, showing the average 
and maximum angular change for the replacement of potassium by the other 
four bases in turn : — 

Table of Average and Maximum Angular Changes. 



Group, 


Average change for replacement 
of Kby 


■ 

Maximum change for replace- 
ment of K by 


Rb. 


Cs. 


NH4. 


Tl. 


Rb. 


Cs. 


NH4. 


Tl. 


Zn sulphate set 

Zn selenate set 


/ 
26 

27 


/ 
56 

52 


/ 
50 

49 


/ 
35 

41 


f 

65 
64 


/ 
139 

131 


124 
122 


/ 

88 

102 





■^ * Journ. Chem. Soc.,' 1905, vol. 87, p. 1123 ; and earlier memoirs therein referred to. 
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From these tables the following results as regards the thallium salts are- 
deducible : — 

The axial angle /S of the thallium salt of each set is intermediate between 
the values of the angle for the rubidium and caesium salts of that set. 

Out of 36 angles compared, 33 in the cases of both sulphate and selenate 
show a change in the same direction as when potassium is replaced by 
rubidium or caesium. Of these 33, 24 in the case of the sulphate and 25 in 
the case of the selenate exhibit a change which is greater than that 
provoked by the replacement of potassium by rubidium ; 20 and 17 respec- 
tively of these angles lie between the values for the rubidium and. caesium 
salts, while the remaining 4 and 8 respectively lie outside the values for the 
caesium salts. 

The average and maximum angular changes occurring when potassium is 
replaced by thallium are observed to be intermediate between those 
produced when potassium is replaced by rubidium and by caesium respec- 
tively. 

Thus, as regards the exterior morphology of the thallium salts of this 
monoclinic series, the same fact is evident as was prominent as the result 
of the investigation of the simple normal sulphates of the alkali bases, 
namely, that the replacing effect of thallium is not progressively proportional 
to its atomic weight, but that the angles are merely such as entitle the 
thallium salts to be included in the same isomorphous series, applying the 
strict definition of " isomorphism " which was given on the last page of 
the memoir on thallium sulphate and selenate. For although it happened 
in the simple salt series that the average angular change accompanying the 
introduction of thallium instead of potassium was about proportional to its 
atomic weight, the direction of the individual changes was promiscuous, being: 
sometimes the same as when potassium is replaced by rubidium or caesium,, 
and sometimes the contrary, no order of progression according to atomic 
weight being apparent, as in the cases of potassium, rubidium, and caesium.. 
And also, although the angular change accompanying the replacement of 
potassium by thallium in the double salt series occurs in the great majority 
of cases in the same direction as when rubidium or caesium are introduced 
for potassium, yet the amount of it is not in this case proportional to the 
atomic weight. 

Thus, it is clear that the different nature of thallium, as compared with 
the strictly " eutropic '* series potassium, rubidium, caesium, renders thallium 
incapable of being classed in that same eutropic series, and that the thallium 
salts only belong to the wider " isomorphous " series, that defined in the 
broader terms stated on the last page of the former memoir. 
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c« 



I — I 



o 

PI 

o 

CO 
^>rH 

Sh 

C^ 



c 

o 



TlZn 
selenate. 


^ :ooco^o^o 

CO CO iO C<3 CO 

n '^lOGOCOOOON 
° l>^(MCOC0iM^ 


lJOOO-t>lO X>CO C0OC0Cq>C lOrPOiiMO:) X>CO 
-rfCq-^rH TjHrH rjfi T?03Tf( r-^ \Q rH CO rH'!? 

lOC35^TjH \o -^ O0-t>0^0i ^(Mt>0O-^ 005 
COrHCOO (MCO Tp(Ml>C0CO C0T?J>lOTf -t>rH 


CO "* CO ^ 

10 T? iO (M 

10 ^ J>. CO LO 
CO (M CO CO 10 


45 4 
62 58 
71 58 


35 6 
92 
52 64 


AmZn 
selenate. 


^ COrHlOCON'^OO 
rf T? CO ID T? CO 

- COXOQO^. QOOrH 
° -t>"^(MCOC0(M^ 


COOOCO'!* 00 lOrHCOO"* OOO^CO COX> 

G^crq coxo,HrHrHC<3 CO, oQcoo cqco 

lOC35lO'^ 10^ OOX>lOtr)Oi ^C^COOOiO OCJi 
COrHCOlO C<3C0 T?0qt-C0CO C0-^J>lO^ X>rH 


CO x> ^ CO 

10 10 rH XO 
CO (M CO X XO 


45 31 
62 46 
71 43 


35 14 
92 17 
52 29 


• 
02 

•? d 
02 


^ OiCOCOCON-^O 
-^ T? CO O Tf( CO 

„ COlOQOTjtGOOrH 
° Jt^-^fMCOCOtMTp 


-<!? 00 00 CO rH C35 0:1 ^ CO CO CO CO CO C7i ^ r- J:^ CO 
C<3C<11C COCq rHrH(M C<J rHCO'^rHliO COCq 

i^CSilO-^ 0^ Q0-t>lOlOOi ^(MCOQO^ OCO 
COrHCOO G^CO T?0qt-C0CO C0'*-t>lO^ t>rH. 


(M CO COX> 
(M CO T? CO "^ 

XO ^ J>.X> ^ 

CO (M CO 00 XO 


45 21 
63 5 
71 34 


35 2 
92 43 
52 15 


s. -^ t>t> (M ^ QO '!? 

Tf-^lO-*(Mr-(C0 

n TjtXOQOCOQOlOrH 
■ X>-^(MCOC0(^3^ 


Gooo^f^q 00 acioot^^xo ^ooicooo coi> 

C0(MOW lOrH iOrHiHCO CO CO^f^cO rH'rf 

10 CJ:)'^'^ O'^ 001>CO'^05 '^COJ>-J>'rP OCi 
COrHCOUO CN3CO 'JfitMt-COCO C0'^i>iO'?f( -t>rH 


^ CO. (M CO 
rH rf CO (M 

XO ^ 00 CO XO 
CO (M CO 00 XO 


45 8 
63 30 
71 22 


34 49 
92 39 
52 32 


■RZn 
selenate. 


^ QOOiOiC<J(MOO 
't? rH (?^ rH Oq lO 

o iCCOOiCOOO^rH 
X>Tfl(MCOC0G^TjH 


(^JQOOQO QO(M lO0qi>.rH(?<J rHrH(>qO00 ^. C^ 
XCC^^ XC CO-^rHCOrH iHtMCOOCO iC 

OOiTjtT? <iOC0 C5l>i--^0O xocoooco-^ ClO 
COrHCOO (MCO rfl(Mt>C0CO C0'^l>lO-<^ COCvj. 


00 CO CO GO 
rH 10 CO (M XO 

XO -^ 00 XO XO 
CO (M CO 00 XO 


45 15 

64 7 
70 38 


34 33 

! 93 10 
1 52 17 


TlZn 
sulphate. 


Tf rH CO r-( CO ■'^ lO 

o COltOGC'^fGOlLOrH 
° X>^(MCOC0(M^ 


COQOCO-^ rHO:i OqOCqrHl> CJiO:)G0C3iC0 1>C0 
(?q(M COT?rH(M (MO'^ C0TjHrHlO(MC0 

iOOiXO^ XC^ QOlN'tO-^O) -^(MCOOO^ OCi 
COrHCOlO CqCO •^(M1>COCO C0rfX>lO'^ l>.rH 


00 (M ^ CO 
XO -<* (M XO 

XO '^ X>1> -rP • 
CO (M CO 00 XO 


45 13 

62 48 
71 59 


35 11 

92 7 
52 42 


d -+-> 
esq ^ 


.^ QO O GO CO iO rH CO 
rf( CM iO lO O 

o CO^CO'tflGCCOrH 
i^^OqCOCOlM^ 


coGOOsJb-cot- (M-t>cs:)ioco ir^oi>ooio i:yi r-i 

rHC>qrHTjH COCM lOO^ lOtMrHCO COlM 

UOOXO^ lU^H^ t^CO^lOO COCqcOGOiO OCTi 
COrHCOtO CqCO '?!MX>COt>. C0tJH1>10'^ t>rH 


O:) r-\ rH C3i 
XO CO (M 

XO '^^ t- 00 ^ 
CO (M CO 00 XO 

rH ■'^ (M Oq 

XO ^ !> 00 ^ 
CO (M CO 00 XO 


45 31 i 45 25 
62 29 62 27 

72 i 72 8 


35 19 1 35 22 

92 25 ^ 92 4 
52 16 52 34 


« 

^ d 

. 02 


^ OiOOrHlCOttOCO 

io (?q CO iH Tji 

.n (MTftCOOOSCOiH 
° 1> 'jfi (M CO CO (M ^ 


r-i (X) r-A <^ cot- X>C0CDrHC7i rT<CqO(>5C<!lrH05 
XOtMrp C^COCO rJ<(>qiOiCiH -^iHiO 

rf05ioio xo^i>-i>-rfixoo:ico<M(r)oo»o oo:> 

COrHCOiO (^3CO ■^C^t-COCO CO'^-OXOt?!— ,H 


• 

■* 

d <^ 

CO 


^ l>COrHO^»i^CO 
rH lO C<I ^ CO CO 

r, ^lOGO-^OOiCrH 

° 1>-Tfi(>qcoco(>q^ 

^ 


(MGOOOO "^0 Jt>Jt>rJ<lOrH ^(MCOOiXO rPCO 

G<}(>qiHCO ^iH (>qrHTjiioG<j (>q^ xoo (MCO 

XCCiXC'if< XO"^ 001>XO^<35-^(Ml>'i>-^ 00 

corHcoxo oqcD ■^(>qjt>coco co-^r^io-^ Jt>iH 


CO -T- ^ 1> Oi 
rH ■<# XO . XO 

XO -^ i>i> -^ 
CO (M CO 00 XO 


45 22 
63 6 
71 32 


34 42 35 1 
93 2 92 36 
52 16 ! 52 23 


^ OqcOCOGOCvJCOO 
rH ^ rH CO CO iH 

„ ^ ^ 05' CO CO lO iH 
° JL--^(MCOCO(M^ 


i-^GOOCO G03<I O^-^GvJ'^ ■^X>rH'<^10 IQIO 
CO(MIO(M»40 rHCO^^COlO iH'sJi XO 

\0 Cyi ^ ^ 10 "^ OJt>CO^CO T?C0(j01>-Tf( 05 
COrHCOJO (MCO ^(MJt>C0CO C0^i>XO-^ i>'-l 


CO l> rH XO ^ 
rH -^ <M .CO 

XO '^ GO CO XO 
CO <M CO 00 XO 


45 19 

63 47 
70 54 


• 

1—1 


• ' « • ♦ * « . • 






• • 


• B a 


:;::;:: ; : ; : : : : '. ■ : • : • • : : : : • : : : : :;::.: 
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MoTplwlogical Axial BafAos. — These crystal elements are eompared in tlie 
next table. 



Salt. 




a : 


h 


KZn sulphate ... 


0-7413 : 


1 


EbZn 


J, . . . 


0-7373: 


1 


AmZn 


jj . . . 


0-7368 : 


1 


CsZn 


JJ 


0-7274 ; 


•1 


TlZn 


«. • • 


, 0-7413 , 


; 1 



: c 

0-5044 
0-5011 
0-4997 
0-4960 
0-5010 



Salt. 
KZn selenate .., 

EbZn 

AmZn 

CsZn 
TlZn 



J? 



)} 



p> 



?? 



a : 

0-7458 
0-7431 
0-7409 
0-7314 
0-7479 



b 
1 

1 

1 

1 

1 



0-5073 
0-5019 
0-504O 
0-4971 
0-5022 



All that can be said about the axial ratios of the thallium salts is that 
they are such as entitle these salts to be placed in the same isomorphouB 
series as those of potassium, rubidium, caesium, and ammonium. 

Volume,— The density, molecular volume, and molecular distance ratios of 
thallium-zinc sulphate are compared in the next table with those of the 
analogous potassium, rubidium, caesium and ammonium salts. 

Volume Constants. 



■ - - - - 


Sp. gr. 
at 2074°. 


Molecular 
Yolume. 


Molecular distance ratios. 


X- 


^p. 


(if. 


KZn sulphate 

RbZn „ i 

OsZn „ 

AmZn „ 

TlZn „ : 


2 -246 
2-691 
2-875 
1 -932 

3 -720 


196-16 
205 -58 
217 -97 
206-38 
206-45 


6 -0462 
6 -1436 
6 -2415 
6 -1648 
6 -1787 


8-1562 
8-3326 
8 -5808 
8-3670 
8 -3351 


4 -1141 
4 -1754 
4 -2561 
4 -1810 
4 -1759 



The density of the thallium salt is much the highest of the group, as was 
to be expected, yet the molecular volume is less than one unit higher than 
that of the rubidium salt, and almost the same as that of the ammonium salt, 
the lightest member of the series. The molecular distance ratios of the 
thallium, ammonium, and rubidium salts are similarly very nearly alike. 

The general position of the thallium double salts of this series as, regards 
volume and structural dimensions thus appears to be close to the rubidium 
and ammonium salts, just as was shown in the last memoir to be the case as 
regards the simple thallium salts. 

Orientation of the Optical Ellipsoid. — The comparative positions oi: the 
optical ellipsoids of the five double sulphates of the zinc group, containing 
respectively potassium, rubidium, cesium, ammonium, and thallium as the 
E-metal, are shown in fig. 5, the strong lines representing the median lines, 
the two axes of the ellipsoid lying in the symmetry plane. Those clustered 
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about the inclined crystallographic axis a are • the first median lines, and 
those about the vertical axis c are the second median lines. 

While a progressive forward rotation of the 
ellipsoid about the symmetry axis accompanies 
the replacement of potassium by rubidium 
and caesium, the introduction of ammonium 
causes a backward rotation, and that of 
thallium a much greater backward rotation, 
bringing the second median line behind the 
vertical axis. 

Befractive Indices.— The thallium salt again 

asserts its individuality and difference from 

the salts of the true alkali metals by exhibiting 

exceptionally high refraction, a larger amount 

of dispersion and of double refraction, and a different sign of the latter, 

which is negative. The refractive indices and double refraction are tabulated 

below, and the tables will render these important facts clear. 

Eefractive Indices. 




Fig. 5. 



Index. 


Liglit. 


KZn 


EbZn 


AmZn 


OsZn 


TlZii 


sulphate. 


sulphate. 


sulphate. 


sulphate. 


sulphate. 




fLi ......... 


1 -4748 


1 -4807 


1 -4858 


1 -4994 


1 -5880 







1 -4752 


1 *4811 


1 -4862 


1 -4998 


1 -5887 




. Ha 

^ Tl 


1 -4775 


1 -4833 


1 -4888 


1 -5022 


1 -5931 


a ...... 


1 -4797 


1 -4857 


1 -4914 


1 -5047 


1 -5978 




F ......... 

u 


1-4826 


1 -4886 


1 -4947 


1 -5079 


1 -6033 




1 -4866 


1 -4929 


1 -4992 


1 -6125 


1 -6121 




fLi 


1 '4805 


1 -4856 


1 -4900 


1 -5020 


1 -6038 




!C 


. 1 -4809 


1 -4860 


1 -4904 


1 -5024 


1 -6046 


f\ 




Na 


1 -4833 


1 -4884 


1 -4930 


1 -5048 


1 -6093 


fi 


•X 


Tl 


1 -4857 


1 -4908 


1 -4957 


1 -5073 


1 -6143 






F ......... 


1 -4889 


1 -4938 


1 -4990 


1 -5104 


1 -6203 






La .. ...... 


1 -4929 


1 -4980 


1 -5036 


1 -6151 


1 -6295 




fLi 


1 -4938 


1 -4947 


1-4963 


1 -5064 


1 -6111 






c 


1 -4942 


1 -4951 


1 -4967 


1 -5068 


1 -6119 






Fa 


1 -4969 


1 -4975 


1 -4994 


1 -5093 


1 -6168 


y ...... 


ill ......... 


1 -4994 


1 -6001 


1 -5021 


1 -5119 


1 -6219 




F 


1 -5027 


1 -5033 


1 -5056 


1 -5152 


1 -6281 




la 


1 -5067 


1 -5078 


1 -5102 


1 -5199 


1 -6377 



Mean Eefractive Indices i (^ + ^ + 7) for Na-light. 

For KZn sulphate 1*4859 

EbZn „ 14897 

TlZn „ ............... 1-6064 



55 
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Double Eefraetioii, Na^-.^' 



Salt. 


Sign. 


Value. 


KZn sulphate 

EbZn „ 

AmZn „ 

OsZn' „ 

TIZq „ 


+ 
+ 

+ 


-0194 
-0142 
-0106 
-0071 
-0237 



Molecular Optical Constants. — The values of these constants for thallium 
2;inc sulphate are compared with those for the other salts of the set in the 
next tables. 

Molecular Eefractions and Dispersions (Lorenz). 



Salt. 



Molecular refraction, ^ ^ == m. 

w^ + 2 ' d 



For ray 0(Ha). 



a. 



)3. 



For ray (Hy) near Q-. 



a. 



/3. 



Mol. dispersion. 



a. 



^. 



KZn sulphate...... 

RbZn 

AmZn 

OsZn 
TlZn 



}5 
}> 

JJ 



55-25 


55 -81 


57-12 


66-37 


57-00 


58-35 


1-12 


1-19 


58-51 


69-02 


59-96 


59-73 


60-26 


61-26 


1-22 


1-24 


69-27 


59-71 


60 -36 


60-62 


61-07 


61 -74 


1-35 


1-36 


64-09 


64-87 


64-85 


66-46 


65-74 


66-25 


1-37 


1-37 


69-54 


71-07 


71-75 


71-77 


73-40 


74-17 


2-23 


2-33 



1-23 
1-30 
1-38 
1-40 
2-42 



^^ , , ^ . . ,^, -, -, -^ , V n-^1 

Molecular Eefractions (G-ladstone and Dale), M, for Eay 

a 





a. 


^. 


y. 


Potassium zinc sulphate ...... 

Bubidium „ „ ,..*., 

Ammonium „ „ 

Osesium „ „ 

Thallium „ ,. 


93-21 

98-91 

100 -34 

108 -94 

121 -53 


94-33 

99-91 

101 -21 

109 -51 

124 -82 


96-94 
101-78 
102 -51 
110 -47 
126 -33 



Mean Molecular Eefractions, ^(a + ^-^y) for Eay C. 
KZn sulphate 94'83 



EbZn 
AmZn 
CsZn 
TlZn 



J? 



?? 



n 



JJ 



• • > • • 



• • • • « 



» • » « * 



»«*.*& 



100-20 
101-35 
109-64 
124-23 
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From these tables it will : be obvious that the molecular refraction of the 
thallium salt stands out high above those of the other salts of the set, just 
as do the refractive indices, whichever formula is used for the calculation, 
a^nd whether the individual directional values or their mean for the whole 
crystal are considered. 

Axial Ratios of the Optical Indicatrix.— These are compared in the 
following table, first when the /3-value for each salt is taken as unity — these 
ratios determining the optic axial angle — -and second when the /3- value of 
the potassium salt is taken as unity for all the salts — these ratios exhibiting, 
the full change of the ellipsoid on passing from one salt to another. 



Axial Eatios of Optical Indicatrix. 



a. 



KZn sulphate 0'9961 

EbZn „ ......... 0-9966 

AmZn „ 0-9972 

OsZn „ 0-9983 

TlZn „ 0-9899 



1 
1 
1 
1 
1 



1-0092 
1-0061 
1-0043 
1-0030 
1-0047 



0-9961 
1-0000 
1-0037 
1-0127 
1-0740 



1 

1-0034 

1-0065 

1-0145 

1-0850 



7- 
1-0092 

1-0096 

1-0109 

1-0175 

1-0900 



From the second series of ratios it is evident that the optical indicatrix 
(ellipsoid) of the thallium salt is an enormously expanded one in all 
directions, compared with the indicatrices of the other four salts of the set,, 
thus again indicating the outstanding optical character of the thallium salts. 
•The first series of ratios, which govern the optic axial angles, are not truly 
comparable, as the thallium salt is negative while the other salts are positive 
in sign of double refraction, the /3" value being now nearer to the y- than to 
the fie-value. Hence all that can be said is that these first ratios also 
indicate the exceptional optical nature of the thallium salt. 

Optic Axial Angles. — The values of the optic axial angle are compared in 
the iiext table. 

Optic Axial Angles, 2Va» 





KZn sulphate. 


EbZn sulphate. 


CsZn sulphate. 


AmZn sulphate. 


TlZn sulphate. 




o / 


/ 


o / 


o / 


o / 


Li 


68 17 


73 42 


74 30 


78 57 


69 8 





68 16 


73 40 


74 27 


78 58 


69 12 


Na 


68 14 


73 33 


74 11 


79 


69 24 


Tl 


68 12 


73 27 


73 62 


79 2 


69 37 


¥ 


68 9 


73 18 


73 31 


79 3 


69 55 
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The value of the' optic axial angle of the thallium salt thus lies between 
the angular values of 2Ya for the potassium and rubidium salts. This, 
however, is only a coincidence, for the first median line is different, being 
now the axis a of the indicatrix, whereas for the other salts 7 is the first 
median line. 

General Conclusions. 

The main conclusion to be drawn from this investigation is that the 

morphological and physical properties of the crystals of the thallium double 

S 
salts of the series E2M(q 04)2.6H20 are such as quite entitle them crystallo- 

graphically to places in this isomorphous series, to which their chemical 
composition would naturally assign them ; but not to places in the more 
exclusive eutropic series (within the isomorphous series) obeying the law of 
progression according to the atomic weight of the interchangeable metals. 
The definition of an isomorphous series which includes them is the one given 
in the last communication on this subject, namely, a series the members of 
which bear a definite chemical analogy, crystallise with like symmetry, and 
develop forms the interfacial angles of which differ only by an amount which 
has not yet been observed to reach 21-^ (maximum 2° 21'). The eutropic 
series is confined to salts whose interchangeable electro-positive or negative 
elements belong strictly to the same family group of the periodic classifica- 
tion. Thus the salts of potassium, rubidium, and caesium are eutropically 
isomorphous, progressively according to atomic weight, as are also the simple 
or double sulphates of any of these metals with their corresponding 
selenates, and even the sulphate with the selenate of thallium or the double 
sulphates containing thallium with the analogous double selenates. For 
sulphur and selenium belong to the same family group. But thallium 
sulphate, for instance, is not eutropically but only ordinarily isomorphous 
with potassium sulphate, the fact that thallium does not belong to the same 
family group as the alkali metals proper being thus very clearly emphasised 
crystallographically. 

The position of thallium in either the simple or the double salt series is 
very close to that of ammonium, and therefore also to that of rubidium, 
except for the one outstanding specifically characteristic property of the 
thallium salts of both series, namely, their transcendent refractive power, 
that is, their large resistance to light vibration, which renders all the optical 
characters of the thallium salts exceptional and unique. 

The conclusions based on the previous investigation of the simple sulphate 
and selenate of thallium are now thus fully confirmed by the investigation of 
VOL. Lxxxm. — ^A. Q 
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the double sulphate and selenate of the zinc group. This group may be 
safely taken as a type of the eight groups of the whole double salt series, as 
the thallium salts belonging to it are the two best crystallising thallium salts 
of the series, and so far the only ones which have been obtained in 
adequately perfect crystals for trustworthy iuYestigation. 



A Critical Study of Spectral Series. Part l.—The Alkalies, 
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(Abstract.) 

It is generally recognised that one of the most hopeful means of gaining 
an insight into the structure of the atom is a study of the spectra of the 
elements, and at present especially of the series spectra. Before, howeTcr, 
this is possible it is necessary to have a more definite knowledge of the 
relationships between the various series of the same element, and corre- 
sponding series in different elements. With this end in view, the author 
began some years ago a sj^-stematic discussion of the data accumulated, using 
for this purpose the estimated errors of observation given by Kayser and 
Eunge in their extensive and very accurate observations on these spectra. 
These possible errors give limits of possible variation for the different 
constants involved, and permit of safe conclusions being drawn. The 
present communication gives the results affecting the spectra of the alkalies, 
hydrogen and helium. 

The chief results arrived at are the following :-— 

1. The wave numbers of any one series can practically all be represented 
within observational errors by a formula based on a modification of Eydberg's 
form, viz. :•— 

2. Calling the values of N/(m + /^4-^/m)^ for the integral values of m 
a sequence, it is shown that four sequences exist :— 

{a) The fundamental, or F-sequence, where the denominator is m+ 1 — 2 W, 
or m + 1— 2W;(l"~m""i), where 2W is a small fraction of the square of the 
atomic weight. If ^^ denote the atomic weight divided by 100, 2'W is 



